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The crystal structure of the title salt, C44H3gP2 *2BF4^, 
consists of discrete dications interlaced with the BF4^ 
counter-ions. In each cation, both phosphonium groups lie 
on the same side of the plane of the central benzene ring. The 
tetrafluoroborate anions are involved in intensive thermal 
motion, thus some B— F bond lengths [range 1.329 (6) to 
1.391 (6) A] deviate significantly from their standard values. 

Related literature 

For a related synthetic strategy, see: Ganesan & Alias (2008). 
For salts containing the triphenylphosphonium cation, see: 
Kariuki et al. (2009). For apphcations of phosphonium salts as 
ionic liquids, see: Cieniecka-Roslonkiewicz et al. (2005). For a 
similar mono-phosphonium compound, see: Hafiz (2008). 




Experimental 

Crystal data 

C44H38P2^*-2BF4 

M, = 802.30 
Monoclinic, Cc 
a = 21.8874 (5) A 
b = 14.4610 (3) A 
c = 15.2818 (3) A 
= 123.898 (1)° 



Data collection 

Bruker APEXII CCD area-detector 

diffractometer 
25162 measured reflections 



Refinement 

RIF"" > 2o-(f ^)] = 
wR{F^) = 0.113 
S = 1.10 
4853 reflections 
506 parameters 



0.046 



V = 4014.78 (15) A" 
Z = 4 

Mo Ka radiation 

= 0.18 mm"' 
r = 173 K 

0.52 X 0.22 X 0.13 mm 



4853 independent reflections 
3786 reflections with / > 2a(I) 
Ri„, = 0.058 



2 restraints 

H-atom parameters constrained 
Ap„^ = 0.43 e A-' 



-0.33 e A" 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT- 
Plus (Bruker, 2009): data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: WinGX (Farrugia, 1999). 

We wish to thank Dr Manuel Fernandes (University of the 
Witwatersrand) for the data collection, and the NRF and the 
University of KwaZulu-Natal for financial support. This work 
is based upon research supported by the South African 
Research Chairs Initiative of the Department of Science and 
Technology. 

Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: YK2028). 
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[l,4-Phenylenebis(methylene)]bis(triphenylphosphonium) bis(tetrafluoroborate) 
H, Ibrahim, N, Koorbanally, D, Ramjugernath, M. D, Bala and V. O. Nyamori 

Comment 

The title compound was obtained in our effort to develop fluorinated anti microbial compounds. Preliminary investigation 
of related compounds, like linear phosphonium ionic liquids, has indicated activities against some strains of bacteria and 
flingi {Candida albicans) as reported by Cieniecka-Roslonkiewicz et al. (2005). 

The compound (I) crystallizes as white block crystals in the monoclinic space group Cc with one dication and two 
BF4" anions in the asymmetric unit. Bond lengths for C(7) - P(l) and C(8) - P(2) linking the methylene carbon atoms with 
the phosphorus atoms are 1.811 (3) and 1.817 (3) A respectively, which is comparable with the 1.817 (2) A reported by 
Hafiz (2008) for a related mono -phosphonium compoimd. 

Experimental 

The compound was synthesized according to the slightly modified method reported by Ganesan & Alias (2008). a,a- 
Dibromo-/»-xylene (0.528 g, 0.002 moles) was dissolved in distilled anhydrous dichloromethane. Triphenylphosphine (1 .049 
g, 0.004 moles) was added to this solution, and the mixture was stirred for 24 hrs at room temperature to afford the quatern- 
ized salt. The solvent was removed in vacuo, the residue washed with acetone to remove unreacted material. The washed 
residue was filtered and dried, yielding white precipitate of the dicationic phosphonium salt. The salt was then dissolved in 
a mixture of water and ethanol (1 :4) and the salt NaBF4 was added (1 :2). The mixture was stirred for 4 hrs at room temper- 
ature, dried with MgS04 and concentrated. The solid residue was extracted with ethanol, and the solvent was evaporated. 
The yield of (I) was 79.8%. X-ray quality crystals were grown from ethanol solution, m.p. 295 °C (decomp). 

^H-NMR (600 MHz, DMS0-d6, 323 K), (5h, p.p.m.): 5.08 (d, J= 14.69 Hz, 4H, Ar— CH2), 6.76 (s, 4H, Ar— H), 7.68 
(m, 24H, Ar— H), and 7.90 (m, 6H, Ar— H). 

^^C-NMR (400 MHz, DMS0-d6, 323 K), (5c, p.p.m.): 27.66 (d, J= 50.26 Hz, (methylene)), 1 17.51 (d, J=85.90 Hz, C-1'), 

128.12 (d, J= 4.04 Hz, C-1/4), 130.02 (d, J= 6.29 Hz, C-3'/5')*, 130.09 (d, J= 6.29 Hz, C-3'/5')*, 131.11 (s, C-2/3/5/6/), 

133.86 (d, J= 4.89 Hz, C-2'/6')*, 133.91 (d, J= 4.89 Hz, C-2'/6')*, 135.13 (s, C-4'). *The two triphenylphosphine groups 
are not exactly equivalent and hence two sets of resonances are seen for C-2'/6') and C-3'/5'). 

l^F NMR (400 MHz, DMS0-d6, 298 K), (Sp, p.p.m.): -148.22 (^°BF4-), -148.27 ("BF4"). 
31p NMR (162 MHz, DMSO-De, 298 K), (5p, p.p.m.): 23.07. 
FT— IR(cm"^): 3062, 2977, 2935, 1438, 1111, 1046. 
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Refinement 

All H-atoms were refined using a riding model, with C — H = 0.95 A and J7iso(H) = 1.2C/eq(C) for aromatic, C — H = 0.99 
A and C/iso(H) = 1.2(7eq(C) for CH2. 

In the absence of significant anomalous scattering effects Friedel pairs have been merged. 
Figures 



Fig. 1. The structure of the title compound showing the atom numbering scheme and the dis- 
placement ellipsoids drawn at the 50% probability level. H atoms are omitted for clarity. 



[1,4-Phenylenebis(methylene)]bis(triphenylphosphonium) bis(tetrafluoroborate) 



Crystal data 




C44H3SP2^^-2BF4" 


^"(000) = 1656 


M,-= 802.30 


Dx= 1.327 Mgm"^ 


Monoclinic, Cc 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: C -2yc 


Cell parameters from 5943 reflections 


£1 = 21.8874 (5) A 


e = 2.7-24.0° 


6= 14.4610 (3) A 


(1 = 0.18 mm"' 


c= 15.2818 (3) A 


T= 173 K 


P= 123.898(1)° 


Needle, colourless 


F= 4014.78 (15) A^ 


0.52 X 0.22 X 0.13 mm 


Z = 4 




Data collection 




Bruker APEXII CCD area-detector 
diffractometer 


3786 reflections with / > 2a{I) 


Radiation source: fine- focus sealed tube 


Rint = 0.058 


graphite 


Qmax = 28.0°, Qmin = 1 .8° 


(p and CO scans 


h = -28^28 


25 1 62 measured reflections 


A: = -19->18 


4853 independent reflections 


/ = -20^20 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 




Refinement 

Refinement on 
Least-squares matrix: full 
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R[F^ > 2a(F^)] = 0.046 

wR(F^) = 0.113 

S= 1.10 

4853 reflections 
506 parameters 
2 restraints 



Hydrogen site location: inferred from neighbouring 

sites 

H-atom parameters constrained 
w = l/[a^(Fo^) + (0.0571P)^] 
where P = (Fo^ + 2FcV3 
(A/a)max = 0.032 

Apmax = 0.43eA"3 
Apmin = -0.33 e A"^ 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement against ALL reflections. The weighted /^-factor wR and goodness of fit S are based on , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /^-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


tl- *lt! 


CI 


0.29567 (19) 


0.8761 (2) 


0.3995 (3) 


0.0254 (7) 


C2 


0.35338 (19) 


0.8962 (2) 


0.3896 (3) 


0.0278 (7) 


H2 


0.4001 


0.9118 


0.4507 


0.033* 


C3 


0.34422 (19) 


0.8942 (2) 


0.2920 (3) 


0.0290 (7) 


H3 


0.3845 


0.9085 


0.2868 


0.035* 


C4 


0.2764 (2) 


0.8712 (2) 


0.2019 (3) 


0.0271 (8) 


C5 


0.2178 (2) 


0.8531 (3) 


0.2112 (3) 


0.0328 (8) 


H5 


0.1707 


0.8393 


0.1498 


0.039* 


C6 


0.22707 (19) 


0.8549 (3) 


0.3082 (3) 


0.0314(8) 


H6 


0.1866 


0.8416 


0.3131 


0.038* 


C7 


0.3067 (2) 


0.8733 (2) 


0.5052 (3) 


0.0291 (8) 


H7A 


0.2626 


0.8990 


0.4992 


0.035* 


H7B 


0.3493 


0.9128 


0.5548 


0.035* 


C8 


0.2650 (2) 


0.8716(2) 


0.0939 (3) 


0.0303 (8) 


H8A 


0.3084 


0.9013 


0.1014 


0.036* 


H8B 


0.2218 


0.9110 


0.0463 


0.036* 


Cll 


0.2368 (2) 


0.6952 (2) 


0.4900 (3) 


0.0318 (8) 


C12 


0.2281 (2) 


0.6090 (3) 


0.4461 (4) 


0.0579 (13) 


H12 


0.2684 


0.5795 


0.4500 


0.069* 


C13 


0.1602 (3) 


0.5654 (3) 


0.3962 (4) 


0.0693 (16) 


H13 


0.1535 


0.5072 


0.3632 


0.083* 


C14 


0.1027 (3) 


0.6053 (3) 


0.3939 (4) 


0.0546 (12) 


H14 


0.0574 


0.5732 


0.3638 


0.066* 


C15 


0.1109(3) 


0.6928 (3) 


0.4358 (4) 


0.0609 (13) 
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Atomic displacement parameters 


























CI 


0.0266(18) 


0.0248 (17) 


0.0266(18) 


0.0027 (14) 


0.0160(16) 


0.0003 (13) 


C2 


0.0271 (17) 


0.0296(17) 


0.0226(17) 


-0.0056 (14) 


0.0113 (14) 


-0.0037 (14) 


C3 


0.0296 (18) 


0.0264 (17) 


0.036 (2) 


-0.0058 (14) 


0.0215 (16) 


-0.0030 (14) 


C4 


0.033 (2) 


0.0223 (17) 


0.0261 (18) 


0.0062 (14) 


0.0167(16) 


0.0025 (13) 


C5 


0.0236 (17) 


0.045 (2) 


0.0272(18) 


0.0038 (16) 
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iiy.y 


/"'CT /"'C'^ 

Cjz — CjJ — xiDJ 


1 1 A A 

1 ly.y 


/^cc t^cA 

Cjj — Cj4 — CjJ 


1 OA 1 ^ A\ 

IzO.i (4) 


/^CC XJC/1 

Cjj — Cj4 — Mj4 


1 1 A A 

119.9 


/"'CT /"'C/l TUC/I 

C J 3 — C j4 — H j4 


1 1 A A 

1 ly.y 


/~^zA /"'cc r^zc 
Cj4 — Cjj — Cjo 


1 OA O //I \ 

Vlyj.l (4) 


c^zA r^zz xj<< 
Cj4 — Cjj — xljj 


1 1 o o 
119.9 


r^<^ jj« 
Cjo — Cjj — rijj 


119.9 


r^zz r^zc r^z'K 
Cjj — Cjo — C j 1 


1 1 A /C t1\ 

119.0 \i) 


r^zz r^zf, xizf, 
Cjj — CjO — xljO 


1 OA 0 

IzU.z 


r^z'K r^zc xjCiC 
CM — Cjo — xijo 


1 OA O 

IzO.z 


r^£.£. /^/ii r^c^ 
Coo — Col — Coz 


1 1 A /; //1\ 

iiy.D (4) 


Coo — Co 1 — r z 


1 OA A /I \ 

IzO.O (i) 


Coz — Col — rz 


1 OA O /I \ 

IzO.z (ij 


r^ci r^cj"^ r^cx 
Co 3 — Coz — Co 1 


1 OA 1 i A\ 

IzU.l (4) 


r^ci c^c^ TU/i') 
Coi — Coz — hlOZ 


1 OA A 

IzO.O 


f~^C,'\ r^C'^ LJ/iT 

Co 1 — Coz — xioz 


1 OA A 

IzU.O 


/^/co r^ci r^cA 
Coz — Coi — Co4 


1 OA A /C\ 

IzU.U (p) 


c^fj^ c^^i xj/ii 
Coz — Coj — xioi 


1 OA A 


r^CI TU/CT 

Cd4 — Coj — Hoj 


1 OA A 

IzU.U 


f~^cz r^cA r^ci 
Coj — Co4 — Coj 


1 OA /; iz\ 
IzU.o (p) 


c^^z r^fiA xj/^/i 
Coj — Co4 — xlo4 


1 1 Q T 

119. / 


r^ci t^cA xjiC/i 
Coi — Co4 — Mo4 


1 1 A O 

119./ 


r^az r^cc 
C d4 — C 0 J — Coo 


1 OA O /'C\ 

IZU.Z (i) 


f^CA f^CZ \JCZ 

Co4 — Coj — rioj 


1 1 A A 

119.9 


r^ca r^az ucz 
Coo — Coj — Moj 


1 1 A A 

119.9 


r^£.z f^£.£. /^/;i 
Coj — Coo — Col 


1 1 A /; 
119.0 p) 


r^£.Z r^£.£. 

Coj — Coo — hloo 


1 OA O 

IzU.z 


r^c^y r^£i£i u/l/l 

Co 1 — Coo — Hod 


120.2 


F3— Bl— F2 


110.4(4) 


F3— Bl— F4 


111.6(4) 


F2— Bl— F4 


108.3 (4) 


F3— Bl— Fl 


110.4 (5) 


F2— Bl— Fl 


106.6 (4) 
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f^'^c /^ic xnc 


1 iy.4 


r^'^z r^'^a 


1 1 o <c ^z\ 
llo.O \p) 


/^OC /^O/C XJO/C 


1 0A n 
Lzv./ 


Cz 1 — Czo — ^rizo 


1 1A T 

izU. / 


Coz — Co 1 — Cio 


liy.D (3) 


CJz — CJ 1 — 1 


1 1 O O /'3\ 

1 ly.y (3 ) 


Cio — Cii — ^ri 


izU.j (3J 


/^"io 

Cii — Ciz — Ci 1 


1 T O A 
llO.y (4J 


/^"JO TUT) 

C33 — C3z — hliz 


1 OA C 


C3 1 — C3z — rlJZ 


1 1A C 


C34 — C33 — C3z 


1 OA A /^A\ 

120.9 (4) 


f^l A f^ll TLJ11 

Cj4 — J — hi J J 


1 1 n 

1 ly.D 


Ciz — C33 — hl33 


1 1 A 




iZU.i J 


C35 — C34 — ^H34 


119.9 


C33 — C34 — H34 


119.9 


C34 — C35 — C36 


121.0 (4) 


C34 — C35 — ^H35 


119.5 


C36 — C35 — ^H35 


119.5 


Co — L, 1 — L,Z — Ci 


1 A /CA 

-1.0(5) 


^1 /-IT 


1 /o.o (3) 


/""T /""Q /""/I 

C 1 — Cz — L,3 — C4 


-0.3 (5) 


/^i r^A /"'c 
Cz — Cj — C4 — CD 


1 o 

1.8 (5) 


/^l /"'O 

Cz — Cj — C4 — Ca 


1 TO 1 /"I \ 

1 /o.l (3) 


/"'^ /"'zC 

C3 — C4 — CD — Co 


O A /CA 

-2.0 (5) 


r^o r^A r^/i 
Co — C4 — CD — Co 


—1 /0.3 (3J 


c^A r"^ c^t^ /"'I 
C4 — CD — CO — C i 


0.7 (0) 


r^^ f^c t^z 
Cz — CI — Co — CD 


A O /'C\ 
U.O (j) 


/~"7 

C / — C 1 — Co — CD 


—1 /o.y (3) 


T>i 

Cz — C 1 — C / — 1 


AiC O 

— yo.z (4J 


/^/: /^T x)i 
CO — C 1 — C / — 1 


ol.j (4) 


/"'c r^A r^Q m 
CD — L,A — Co — rZ 


-72.5 (4) 


r^A /^o m 
C3 — C4 — Co — rl 


111.3 (3) 


ClO — CI 1 — Clz — Cli 


A A /n\ 

0.0 (7) 


rl — Cll — Clz — Cli 


1 TA O //I \ 

1 /y.z (4) 


/^lo /^ii 
Cll — Clz — Cli — C14 


O O /OA 

— z.o \p) 


/"■IT /""IQ /""l/l /""IC 

Clz — Cli — C14 — CID 


4.3 (8) 


Cli — C14 — CID — Clo 


-3.1 (8) 


Clz — Cll — Clo — CID 


1 1 /"7\ 

1.1 (7) 


rl — Cll — Clo — CID 


1 HQ 1 //I \ 

— 1 /o.l (4) 


C14 — CID — Clo — Cll 


A /I /'OA 
U.4 (5) 


/"^o/: r^oi r^oo r^oi 
CzO — Cz 1 — Czz — Czi 


-2.5 (7) 


T>1 /^Tl /^T> /^Tl 

r 1 — Cz 1 — CZZ — Czi 


1 /y.O (4) 


Cz 1 — Czz — Czi — Cz4 


A n /ox 

0.9 (8 J 


C22— C23— C24— C25 


2.9 (8) 


C23— C24— C25— C26 


-5.1 (10) 


C24— C25— C26— C21 


3.4(10) 


C22— C21— C26— C25 


0.4 (9) 


PI— 021— 026— 025 


178.2 (5) 



A ID 1 IT 1 

r4 — Bl — r 1 


1 AA { A\ 

lUy.3 (4) 


T2n DO 

r / — Dz — ^ro 


1 AA A ( Q\ 

luy.y (j) 


TjT do TjC 

r / — DZ — J 


1 AO C\ ( A\ 

lUo.U (4) 


11?/^ DO lire 
ro — DZ — rj 


1 AA A t A\ 

lUy.4 (4) 


m DO T70 

r / — DZ — r 0 


1 AT C //I \ 
lU/.J (4) 


T7<^ DO T70 

ro — dI — ^ro 


111 A ( A\ 

111.4 (4 j 


DO CO 

r J — DZ — o 


1 1 A /: /ox 
IIU.O \ 5) 


Czi — j^l — Cll 


lUiS.lO (loj 


/^o 1 T>i r^'y 1 
Czi — r 1 — C3 1 


1 AA ni /I o\ 

lUy. /3 (lo) 


Cll — 1 — C3 1 


1 HJ.33 (loj 


Czl — r 1 — C / 


1 AA 01 /I 0\ 

lUy.o3 (lo) 


Cll — r 1 — C / 


1 AO Ol /I 0\ 

lU5.o3 \ Vo) 


C31 — r 1 — C / 


1 A A AO / I "TA 

lUy.yz (1 /) 




1 07 fSfS 1 7^ 

i U / .UU \^ i / ^ 


041 — P2 — 051 


109.23 (16) 


C61 — P2 — 051 


110.82 (17) 


041 — P2 — 08 


112.16 (17) 


061 — P2 — 08 


110.80 (18) 


051 — P2 — 08 


106.19 (16) 


/^co /^ci r^z£. /^cc 
C jz — C J 1 — C J 0 — C 3 J 


-1.7 (6) 


T>0 /^C1 f^Z£. f^ZZ 

rl — C J 1 — C JO — C J J 


1 "70 Q {1\ 

1 /o.o (3) 


f~^cc r^c^ r^ci 
Coo — Co 1 — Coz — Co3 


-1.4 (6) 


no /^iCi /^/;o r^cy 
rl — Co 1 — Coz — Co3 


1 OC O 

—1 /j. / (3j 


r^C'K i^/co r^ci r^cA 
Co 1 — Coz — Co3 — Co4 


1 A /"7\ 

1.0 (7) 


r^£ii r^£iA r^£iz. 
Coz — Co3 — Co4 — Coj 


A O 

— U.z (o) 


r*^£/i r^nA /^icc r*^£.£. 
Co3 — Co4 — Coj — Coo 


A O /A\ 

-0.2 (9) 


r^cA r^az r^ca r^cK 
Co4 — Coj — Coo — Co 1 


A O /0\ 

—U.Z (5j 


/^/io /^/Ci r^cc r^cz 
Coz — Col — Coo — Coj 


1 A /"7\ 

1.0 (7) 


T>o r^(^\ r^(^t^ r^(^z. 
rl — Co 1 — Coo — Coj 


1 T^ 1 //I \ 

1 /J.3 (4j 


/^OO /^01 T>1 1 

Czz — Cz 1 — r 1 — C 1 1 


1 OA A /A\ 

— izy.u (4j 


Czo — Cz 1 — r 1 — C 1 1 


j3.3 P j 


i^oo i^oi T>i r^i\ 
Czz — Cz 1 — r 1 — C3 1 


1 1 A /C f A \ 

1 lU.o (4) 


Czo — Cz 1 — r 1 — C3 1 


£.n 1 <^ A\ 
— o/.l (4) 


/^oo /^oi T>i r^n 
Czz — Czl — r 1 — C / 


— 1U.3 (4) 


Czo — Czl — r 1 — C / 


1 "7 1 C\ ^ A\ 

1 /I .y (4) 


Clo — Cll — r 1 — Czl 


0O.4 (4) 


Clz — Cll — r 1 — Czl 


1 1 A O //I \ 

— UU.o (4) 


Clo — Cll — 1 — C3 1 


1 oi a /1\ 

— 1 / l.O (3) 


Clz — Cll — r 1 — C3 1 


A O ^ A\ 

9.2 (4) 


Clo — Cll — ^rl — C/ 


CA A 

— ju.y (4) 


Clz — Cll — 1 — C / 


1 on a fA \ 

izy.y (4J 


C3z — C3 1 — r 1 — Cz 1 


110 {A\ 

-11.2 (4) 


C3 0 — C3 1 — r 1 — Cz 1 


1 "7 1 1 /"I \ 
1/1.1 (3) 


\^5l — C3 1 — r 1 — C 1 1 


-130.3 (3) 


C36— C31— PI— Cll 


52.0 (3) 


C32— C31— PI— C7 


109.7 (3) 


C36— C31— PI— C7 


-68.0 (3) 


CI— C7— PI— C21 


166.1 (3) 


CI— C7— PI— Cll 


-75.6 (3) 
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1 C (Z.\ 

-1.6 (5) 


T>i r^i'K r^i'^ r^ii 


1 nc\ 1 {i\ 
— 1 /y.3 (3) 


1 — Ciz — Cii — Ci4 


1.5 (6) 


Ciz — Cii — Ci4 — CiD 


-0.8 (7) 


/^"j T r^iz. r^i/z 


A 1 /"7\ 

0.1 (7) 


CJ4 — J — CJo — 1 


— iJ.Z (oj 


/^"ii /^"ii r^iz 


1 A 

1.0 (6) 


r 1 — Ci 1 — Cio — C3 J 


1 TO T 

i/o./ (ij 


/^/n /^/n 
C4o — C41 — C4z — C4i 


-2.1 (6) 


m f^A^ /^/n /^/n 
r Z — C4 1 — C4Z — C4 J 


1 TA 1 {1\ 

1 /y.z (3) 


(J4 1 — C4z — C43 — C44 


0.6 (7) 


C4Z — C43 — C44 — C4j 


A n /"7\ 

0.7 (7) 


C43 — C44 — C4j — C4o 


-0.6 (7) 


f^AA A z r^AC ^^A^ 
C44 — C4 J — C4o — C4 1 


-0.8 (7) 


r^A'X r^AC r^Az 
KSAl — C4 1 — C4o — C4D 


z.z (o) 


m r^A'\ r^Ac r^Az 
r Z — C4 1 — C4o — C4 J 


1 nc\ r\ { A\ 
— 1 /y.U (4) 


r^zc^ r^zy /"'ci /"'ci 

C56 — C5 1 — C52 — C53 


2.5 (6) 


P2— C51— C52— C53 


-177.9 (3) 


C51— C52— C53— C54 


-0.7 (7) 


C52— C53— C54— C55 


-2.0 (7) 


C53— C54— C55— C56 


2.8 (7) 


C54— C55— C56— C51 


-0.9 (7) 



CI — C / — r 1 — C3 1 


AZ 1 (1\ 

45.3 \5) 


C4z — C4 1 — r z — Co 1 


1 1 T 1 (1\ 

—11 /.I (3) 


C4o — C4 1 — r z — Co 1 


o4.z (3 ) 


C4z — C4 1 — r z — C J i 


Izz.D (3J 


C4o — C4 1 — r Z — C J 1 


— JD.Z (3) 


C4Z — C41 — rZ — CS 


5.1 (4) 


C4o — C4 i — r z — C o 


-113.1 (3) 


Coo — Col — rl — C4 i 


lo.o (4) 


C oZ — C 0 1 — r Z — C4 1 


1 /i/C A /"3\ 

— loo.y (3) 


Coo — Co 1 — rZ — C J 1 


13o.Z (3 j 


CoZ — Col — rl — CjI 


/IT C /'A\ 

— 4/.D (4J 


C 00 — C 0 1 — r Z — C 5 


1 A/1 T 

— 1U4.Z (4J 


CoZ — Col — rZ — Co 


TA 1 ^A\ 
/U.l (4) 


C jZ — C J 1 — r Z — C4 1 


— o3.o (3) 


C J 0 — C J 1 — rl — C4 1 


95.7 (3) 


C jZ — C J 1 — r Z — Co 1 


Id/./ (3) 


C56 — C5 1 — r2 — C61 


—22.8 (4) 


C52— C51— P2— C8 


37.3 (4) 


C56— C51— P2— C8 


-143.2 (3) 


C4— C8— P2— C41 


-78.5 (3) 


C4— C8— P2— C61 


41.8(3) 


C4— C8— P2— C51 


162.2 (3) 
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